Test-based Age-of-Acquisition norms for 44 thousand English word meanings
Age-of-acquisition (AoA) is one of the most important variables in word recognition: Earlyacquired words are processed more efficiently than late-acquired words even when word frequency, word length, and similarity to other words are controlled for (Brysbaert & Ellis, 2016; Brysbaert, Stevens, Mandera, & Keuleers, 2016; Johnston & Barry, 2006; Juhasz, 2005) .
The existing AoA norms are based on ratings provided by adult volunteers (often students).
Participants are asked to indicate the ages at which they think they have learned various words (e.g., Kuperman, Stadthagen-Gonzalez, & Brysbaert, 2012) . A weakness of such ratings is that they may be influenced by factors other than pure AoA. For instance, participants may be inclined to underestimate the AoA of easy words and overestimate the AoA of more difficult words. Easy words tend to be short and frequently used in the language; in contrast, difficult words tend to be long, less used words. So AoA ratings may be affected by word length and word frequency, in addition to other variables that make some words easier than others (Baayen, Milin, & Ramscar, 2016; Lété & Bonin, 2013) . On the other hand, all validation studies thus far have indicated that adult AoA ratings correlate highly with test-based measures of word acquisition order (Biemiller, Rosenstein, Sparks, Landauer, & Foltz, 2014; Brysbaert, in press; Łuniewska et al., 2016; Morrison, Chappell, & Ellis, 1997) .
Another limitation of AoA ratings is that they tend to be constrained in a number of ways. First, they are not available for all words. The largest collection of AoA ratings in English includes 30 thousand words (Kuperman et al., 2012) , which is still short of a full vocabulary.
Second, very few studies take the various meanings of ambiguous words into account (for an exception, see Bird, Franklin, & Howard, 2001) . For instance, 'wrong' can mean 'not right' but also 'to treat unfairly.' Both interpretations are unlikely to be acquired at the same age.
Finally, no norms are available for familiar multiword expressions, such as phrasal verbs (give in, give over, give up, …) or compound nouns (witness stand, word of honor, …).
For the above reasons, it would be better if researchers had access to another, large-scale database of AoA estimates. Such an effort was made by Dale and O'Rourke (1981) , who wanted to provide teachers with guidelines about which words to teach in which grades. Dale and O'Rourke tested nearly 44,000 meanings (31,000 different word forms) to determine at which age children were considered to "know" a meaning. This was assessed by giving the pupils three-alternative multiple-choice test items. Words were assigned to the grade level at which 67-80% of specific word meanings were passed. Adjusted for guessing on a three alternatives multiple-choice test, this amounted to an estimated 50-70% known. In other words, the assigned grade level for a word meaning was known by half or slightly more students. The tests were administered in grades 4, 6, 8, 10, 12 , and college levels (13 and 16). The researchers estimated the grade level to test. If the result for a specific meaning fell outside of the 67-80% range, it was tested at the next higher or lower grade level.
Testing was conducted in schools throughout the U.S. Midwest. Various written tests were sent to participating classrooms. Any specific meaning was given to about 200 children across a number of schools. At the time of testing , most children were Englishspeaking. A range of socio-economic backgrounds and races were sampled.
Biemiller (2010) The purpose of the present study is to use and slightly update the Dale and O'Rourke (1981) database and to validate its use as a source for AoA estimates based on word knowledge at different school grades. For the validation, we compare the test-based AoA data with rated AoA estimates, lexical decision times (Balota et al., 2007) , and word frequency. We suggest that the available test-based data (Dale & O'Rourke, 1981) Words present in the lists of Goodman et al. (2008) were assigned to grade 2, the lowest estimated value in Dale and O'Rourke's scale as revised by Biemiller (2010) . For a few words, this meant a large change in estimated AoA. For instance, yogurt went from grade 10 to grade 2. Because the Morrison et al. (1997) study was run in the UK, no similar adjustment was made, although in the large majority of cases the data agreed with Dale and O'Rourke.
Validation of the Dale and O'Rourke Test-Based AoA norms
In the present study, we used two ways to validate the new test-based AoA norms: First by correlating them with AoA ratings; and second, by correlating them with word processing times.
1
There were 18,139 words for which we had test-based AoA estimates, AoA ratings, and standardized lexical decision times in the English Lexicon Project (Balota et al., 2007) . For words with multiple meanings, the test-based AoA measure was the youngest meaning in the database, based on the assumption that participants rated the word's first acquired meaning.
Biemiller et al (2014) also found this "earliest AoA meaning" to be the one that fits with the existing AoA ratings.
We gave a rating of 14 to Living Word Vocabulary meanings above level 13 (Figure 1 confirms that this was the most sensible value to give). Kuperman et al. (2012) . Figure 1 shows the correlation.
----------------------
Insert Table 1 and Figure 1 
about here ----------------------
There is a higher correlation between the AoA ratings and lexical decision times (r = .608) than between the test-based AoA estimates and lexical decision times (r = .525). On the other hand, the correlations between the test-based AoA estimates with word frequency and word length are smaller, indicating that the test-based estimates are less affected by these variables.
To calculate the contribution of both AoA measures to word processing times, hierarchical regression analyses were run, which additionally included word frequency and word length.
They are shown in Table 2 . As can be seen, the model including AoA ratings does significantly better than the model including test-based AoA estimates (z = 5.24 according to a Vuong test for non-nested models; Merkle & You, 2016) , but the difference in terms of explained variance is 1.2%, instead of the 9.4% expected on the basis of the correlations listed in Table 1 . This is due to the lower intercorrelations of the test-based AoA estimate with word frequency and word length.
----------------------Insert Table 2 about here ----------------------

Discussion
In this paper, a new test-based AoA measure is introduced, largely based on the work of Dale and O'Rourke (1981) , who presented words with three response alternatives to children from primary and secondary school and examined at which grade the words were known. The list was updated with the more recent CDI resource, which looked at younger ages. All in all, data are available for nearly 44 thousands meanings coming from over 31 thousand English words and multiword expressions.
Although the test-based measure has a rather crude scale (in steps of 2 grades), it does quite well to predict lexical decision times (Table 2) and, as such, takes away some of the concerns that have been raised against the use of AoA ratings to examine a genuine effect of AoA in word processing times (Baayen et al., 2016; Lété & Bonin, 2013 The new measure is not perfect, but it presents an interesting alternative to the Kuperman et al.
(2012) ratings. First, as indicated above, it is test-based rather than a subjective, retrospective estimate. Second, it is available for other words than the existing ratings. The regression to go from the grades to the best fitting AoA rating equals: rating = 5.72 + .554 * grade. By using this regression, both sources can be combined. Third, the measure is available for many familiar multiword expressions (in particular, phrasal verbs and compound nouns). Fourth, it is the first measure really taking into account the various meanings words may have. It is estimated that 15% of the words in English have more than one meaning (Goulden, Nation, & Read, 1990) . Now, we can look at the processing of word meanings that follow earlier acquired meanings. Finally, the new measure may be particularly interesting for studies with older participants (Brysbaert & Ellis, 2016) , given that the AoA values were derived at the time when they were young.
To help researchers, we have made a file with the test-based AoA measure used in the present study (available at https://osf.io/kz2px/). The file also contains the AoA ratings collected by Kuperman et al. (2012) , the original LWV grades, the CDI and Morrison et al. (1997) estimates in number of months, and the Flocabulary grades (see Figure 2) . The list is made available for research purposes under the Creative Commons Non-Commercial License (https://creativecommons.org/); it must not be used for commercial purposes. Kuperman et al. (2012) . Frequency is the log SUBTLEX-US frequency (Brysbaert & New, 2009) . Length is the number of letters in the word. LDT is the standardized lexical decision time from the English Lexicon Project (Balota et al., 2007) . Very similar values are obtained when Spearman correlations are calculated.
13 Dale and O'Rourke (1981) . The figure also shows how the LWV grades were adapted (4 became 2 when more than 80% of the children in grade 4 knew the meaning of the word or when the word was part of the 562 first learned words according to the CDI database; 16 became 14). The file further contains the AoA ratings collected by Kuperman et al. (2012) , the age at which children can name pictures according to Morrison et al. (1997) , and the suggested grade to teach the word according to the Flocabulary website. Because only Dale and O'Rourke provide different values for the various meanings of homographs, the other measures always have the same value for all meanings of a word. The Flocabulary grades in general are lower than the Dale and O'Rourke grades, suggesting that children now learn words at an earlier age than 40-50 years ago.
